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APPARATUS AND METHOD FOR apparatus also includes at least one processor configured to 
ESTIMATING IMPACTS OF OPERATIONAL identify at least one estimated impact of at least one opera 
PROBLEMS IN ADVANCED CONTROL tional problem of the industrial process controller and to 

OPERATIONS FOR INDUSTRIAL CONTROL present the at least one estimated impact to a user . Each 
SYSTEMS 5 estimated impact is expressed in terms of a lost opportunity 

associated with operation of the industrial process controller . 
CROSS - REFERENCE TO RELATED In a third embodiment , a non - transitory computer read 

APPLICATIONS AND PRIORITY CLAIM able medium contains instructions that when executed cause 
at least one processing device to obtain data associated with 

This is a continuation of co - pending U.S. patent applica- 10 operation of a model - based industrial process controller . The 
tion Ser . No. 15 / 972,534 filed on May 7 , 2018 , which claims medium also contains instructions that when executed cause 
priority under 35 U.S.C. § 119 ( e ) to U.S. Provisional Patent the at least one processing device to identify at least one 
Application No. 62 / 518,352 filed on Jun . 12 , 2017 , U.S. estimated impact of at least one operational problem of the 
Provisional Patent Application No. 62 / 518,397 filed on Jun . industrial process controller , where each estimated impact is 
12 , 2017 , U.S. Provisional Patent Application No. 62/518 , expressed in terms of a lost opportunity associated with 
474 filed on Jun . 12 , 2017 and U.S. Provisional Patent operation of the industrial process controller . The medium 
Application No. 62 / 518,478 filed on Jun . 12 , 2017 , all of further contains instructions that when executed cause the at 
which are incorporated herein by reference in their entirety . least one processing device to present the at least one 

estimated impact to a user . 
TECHNICAL FIELD Other technical features may be readily apparent to one 

skilled in the art from the following figures , descriptions , 
This disclosure relates generally to industrial process and claims . 

control and automation systems . More specifically , this 
disclosure relates to an apparatus and method for estimating BRIEF DESCRIPTION OF THE DRAWINGS 
impacts of operational problems in advanced control opera 
tions for industrial control systems . For a more complete understanding of this disclosure , 

reference is now made to the following description , taken in 
BACKGROUND conjunction with the accompanying drawings , in which : 

FIG . 1 illustrates an example industrial process control 
Industrial process control and automation systems are 30 and automation system according to this disclosure ; 

often used to automate large and complex industrial pro- FIG . 2 illustrates an example device for estimating 
cesses . These types of control and automation systems impacts in advanced control operations for industrial control 
routinely include process controllers and field devices like systems according to this disclosure ; 
sensors and actuators . Some of the process controllers FIG . 3 illustrates an example method for estimating 
typically receive measurements from the sensors and gen- 35 impacts in advanced control operations for industrial control 
erate control signals for the actuators . systems according to this disclosure ; 

Model - based industrial process controllers are one type of FIGS . 4A and 4B illustrate an example method for esti 
process controller routinely used to control the operations of mating impacts of constraint issues , optimizer configuration 
industrial processes . Model - based process controllers typi- issues , and process variability issues in advanced control 
cally use one or more models to mathematically represent 40 operations according to this disclosure ; 
how one or more properties within an industrial process FIG . 5 illustrates an example method for estimating 
respond to changes made to the industrial process . Unfor- impacts of model quality issues in advanced control opera 
tunately , the benefits that can be obtained using model - based tions according to this disclosure ; 
controllers often decline over time . This can be due to a FIG . 6 illustrates an example method for estimating 
number of factors , such as inaccurate models , misconfigu- 45 impacts of inferential quality issues in advanced control 
ration , or operator actions . In some extreme cases , the operations according to this disclosure ; and 
benefits that could be obtained using model - based control- FIG . 7 illustrates an example method for estimating 
lers can be reduced by up to fifty percent or even more over impacts of process variable mode issues in advanced control 
time . operations according to this disclosure . 

25 

50 

SUMMARY DETAILED DESCRIPTION 

This disclosure provides an apparatus and method for FIGS . 1 through 7 , discussed below , and the various 
estimating impacts of operational problems in advanced embodiments used to describe the principles of the present 
control operations for industrial control systems . 55 invention in this patent document are by way of illustration 

In a first embodiment , a method includes obtaining data only and should not be construed in any way to limit the 
associated with operation of a model - based industrial pro- scope of the invention . Those skilled in the art will under 
cess controller . The method also includes identifying at least stand that the principles of the invention may be imple 
one estimated impact of at least one operational problem of mented in any type of suitably arranged device or system . 
the industrial process controller , where each estimated 60 As noted above , model - based industrial process control 
impact is expressed in terms of a lost opportunity associated lers are one type of process controller routinely used to 
with operation of the industrial process controller . The control the operations of industrial processes . Model - based 
method further includes presenting the at least one estimated process controllers can help to improve the performance of 
impact to a user . continuous or other industrial processes . For example , in 

In a second embodiment , an apparatus includes at least 65 industrial processes , a controlled variable ( CV ) generally 
one interface configured to receive data associated with represents a process variable that can be measured or 
operation of a model - based industrial process controller . The inferred and that is ideally controlled to be at or near a 
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desired setpoint or within a desired range of values . A serve as a measure of the excess material usage , excess 
manipulated variable ( MV ) generally represents a process energy usage , reduced product production , or other impact . 
variable that can be adjusted in order to alter one or more In this way , these techniques help to identify different 
controlled variables . A disturbance variable ( DV ) generally operational issues that can affect a model - based controller 
represents a process variable whose value can be considered 5 and the impacts of those operational issues . Whether 
but cannot be controlled . As a simple example , a flow rate expressed in material or energy usage , product production , 
of material through a pipe could denote a controlled vari economic terms , or other terms , the impacts of the opera able , a valve opening for a valve that controls the flow rate tional issues can be ranked or otherwise used to identify of material could denote a manipulated variable , and an 
ambient temperature around the pipe or the valve could 10 need further investigation or resolution . The impacts can issues that affect the model - based controller and that might 
denote a disturbance variable . 

The implementation of model - based control often also be used to justify such investigation or resolution , such 
as when the costs of the economic or other impacts outweigh requires substantial investments of time , money , and effort . 

Even with high initial costs , however , the general expecta the costs of the investigation or resolution . 
tion is that these costs can be recouped through use of these 15 Among other things , this could enable a new Industrial 
types of controllers within months if not weeks of imple Internet of Things ( IIoT ) service or other service to be 
mentation . Sustaining the performance of model - based con deployed , where the service can be used to reduce the cost 
trollers can be important for realizing the benefits that these of troubleshooting a model - based controller's performance 
types of controllers promise . Unfortunately , the performance and to improve the lifecycle benefits of the model - based 
of a model - based controller often deteriorates over time due 20 controller . In particular embodiments , these techniques 
to a number of factors . These factors include equipment could be implemented using a computer program that peri 
degradation , changes in the operations of the process and the odically analyses batches of data collected from customers ' 
controller , operator actions , and artificially - constrained ises as part of a cloud - based analytics solution . The 
operating conditions . Without proper maintenance , model- resulting analysis conclusions could then be visualized to the 
based controllers may fail to provide any benefits and fall 25 customers using cloud - hosted dashboards to enable the 
into disuse after some time . customers , support engineering teams , or other personnel to 

Maintenance of model - based controllers often requires view performance information and troubleshoot perfor experienced and trained engineers , who can be in short mance issues . Of course , other implementations of the supply . It is also often difficult for a few control engineers to described functionality could also be used . 
maintain all of the model - based controllers at an entire site . 30 FIG . 1 illustrates an example industrial process control Monitoring applications are increasingly being used to help 
control engineers detect problems quickly and diagnose and automation system 100 according to this disclosure . As 

shown in FIG . 1 , the system 100 includes various compo probable causes . These applications provide key perfor 
mance indicators ( KPIs ) to help the control engineers detect nents that facilitate production or processing of at least one 
problems . However , even with conventional model - based 35 product or other material . For instance , the system 100 can 

be used to facilitate control over components in one or controllers and monitoring tools , various industries still face 
a number of challenges . For example , many of the key multiple industrial plants . Each plant represents one or more 
performance indicators in conventional monitoring tools are processing facilities ( or one or more portions thereof ) , such 
very technical and require additional skills to understand and as one or more manufacturing facilities for producing at 
interpret in order to take effective actions . Also , with skilled 40 least one product or other material . In general , each plant 
personnel in short supply , it is often useful or important to may implement one or more industrial processes and can 
prioritize issues in terms of financial impacts , but current individually or collectively be referred to as a process 
monitoring tools do not provide this insight . In addition , it system . A process system generally represents any system or 
may be difficult for process operations teams to understand portion thereof configured to process one or more products 
model - based controllers and monitoring tools and to con- 45 or other materials in some manner . 
tribute and participate in maintaining the controllers , and it In FIG . 1 , the system 100 includes one or more sensors 
may be difficult for operations managers to provide essential 102a and one or more actuators 102b . The sensors 102a and 
oversight . actuators 102b represent components in a process system 

This disclosure provides various techniques for identify- that may perform any of a wide variety of functions . For 
ing the impacts of operational problems involving a model- 50 example , the sensors 102a could measure a wide variety of 
based controller in an industrial control and automation characteristics in the process system , such as flow , pressure , 
system . The impacts here can be measured against the or temperature . Also , the actuators 102b could alter a wide 
maximum benefit potential that could be obtained using the variety of characteristics in the process system , such as valve 
model - based controller . In other words , the impacts can openings . Each of the sensors 102a includes any suitable 
represent measures of how the current operation of the 55 structure for measuring one or more characteristics in a 
model - based controller falls below the theoretical best process system . Each of the actuators 102b includes any 
operation of the model - based controller . The impacts can be suitable structure for operating on or affecting one or more 
expressed in various ways . In some embodiments , the conditions in a process system . 
impacts are expressed in terms of economic impacts , such as At least one network 104 is coupled to the sensors 102a 
monetary losses . An impact can be referred to as a “ cost of 60 and actuators 102b . The network 104 facilitates interaction 
lost opportunity ” in this document , meaning the impact with the sensors 102a and actuators 102b . For example , the 
measures the cost of not operating the model - based control- network 104 could transport measurement data from the 
ler at its full potential . Of course , the impacts from not sensors 102a and provide control signals to the actuators 
operating the model - based controller at its full potential 102b . The network 104 could represent any suitable network 
could be expressed in other ways , such as excess material 65 or combination of networks . As particular examples , the 
usage , excess energy usage , or reduced product production . network 104 could represent at least one Ethernet network 
The “ cost ” referred to in a “ cost of lost opportunity ” can also ( such as one supporting a FOUNDATION FIELDBUS pro 
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tocol ) , electrical signal network ( such as a HART network ) , 110 in any suitable arrangement . In some embodiments , 
pneumatic control signal network , or any other or additional multiple control rooms 112 can be used to control an 
type ( s ) of network ( s ) . industrial plant , such as when each control room 112 con 

The system 100 also includes various controllers 106. The tains operator consoles 110 used to manage a discrete part of 
controllers 106 can be used in the system 100 to perform 5 the industrial plant . 
various functions in order to control one or more industrial The control and automation system 100 here may option 
processes . For example , a first set of controllers 106 may use ally include at least one historian 114 and / or one or more 
measurements from one or more sensors 102a to control the servers 116. The historian 114 represents a component that 
operation of one or more actuators 102b . A second set of stores various information about the system 100. The his 
controllers 106 could be used to optimize the control logic 10 torian 114 could , for instance , store information that is 
or other operations performed by the first set of controllers . generated by the various controllers 106 during the control 
A third set of controllers 106 could be used to perform of one or more industrial processes . The historian 114 
additional functions . The controllers 106 could therefore includes any suitable structure for storing and facilitating 
support a combination of approaches , such as regulatory retrieval of information . Although shown as a single com 
control , advanced regulatory control , supervisory control , 15 ponent here , the historian 114 could be located elsewhere in 
and advanced process control . the system 100 , or multiple historians could be distributed in 

Each controller 106 includes any suitable structure for different locations in the system 100 . 
controlling one or more aspects of an industrial process . At Each server 116 denotes a computing device that executes 
least some of the controllers 106 could , for example , rep- applications for users of the operator consoles 110 or other 
resent proportional - integral - derivative ( PID ) controllers or 20 applications . The applications could be used to support 
multivariable controllers , such as controllers implementing various functions for the operator consoles 110 , the control 
model predictive control ( MPC ) or other advanced predic- lers 106 , or other components of the system 100. Each server 
tive control ( APC ) . As a particular example , each controller 116 could represent a computing device running a WIN 
106 could represent a computing device running a real - time DOWS operating system or other operating system . Note 
operating system , a WINDOWS operating system , or other 25 that while shown as being local within the control and 
operating system . automation system 100 , the functionality of the server 116 

At least one of the controllers 106 shown in FIG . 1 could could be remote from the control and automation system 
denote a model - based controller that operates using one or 100. For instance , the functionality of the server 116 could 
more process models . For example , each of these controllers be implemented in a computing cloud 118 or a remote server 
106 could operate using one or more process models to 30 communicatively coupled to the control and automation 
determine , based on measurements from one or more sen- system 100 via a gateway 120 . 
sors 102a , how to adjust one or more actuators 102b . In At least one component of the system 100 could support 
some embodiments , each model associates one or more a mechanism for estimating impacts in advanced control 
manipulated or disturbance variables ( often referred to as operations for industrial control systems . For example , this 
independent variables ) with one or more controlled variables 35 functionality could be implemented in an operator console 
( often referred to as dependent variables ) . Each of these 110 , a server 116 , or a computing cloud 118 or remote server . 
controllers 106 could use an objective function to identify Among other things , this functionality can be used to 
how to adjust its manipulated variables in order to push its evaluate data associated with one or more model - based 
controlled variables to the most attractive set of constraints . controllers 106 to identify operational issues with the con 

At least one network 108 couples the controllers 106 and 40 troller ( s ) 106 , and the impacts of the identified operational 
other devices in the system 100. The network 108 facilitates issues can be determined . Visualizations can also be pro 
the transport of information between components . The net- vided , such as on displays of the operator consoles 110 , to 
work 108 could represent any suitable network or combi- help users identify the operational issues and their impacts . 
nation of networks . As particular examples , the network 108 Ideally , this allows the operational issues to be prioritized 
could represent at least one Ethernet network . 45 and reduced or resolved , which can help to improve the 

Operator access to and interaction with the controllers 106 operation of the model - based controllers 106. Additional 
and other components of the system 100 can occur via details regarding this functionality are provided below . 
various operator consoles 110. Each operator console 110 There are various ways in which this functionality can be 
could be used to provide information to an operator and used in order to support modifications to the operations of 
receive information from an operator . For example , each 50 model - based controllers 106 or underlying industrial pro 
operator console 110 could provide information identifying cesses . For example , in one example use case , this func 
a current state of an industrial process to the operator , such tionality can be used to provide a view of the top improve 
as values of various process variables and warnings , alarms , ment opportunities for an industrial site , along with the 
or other states associated with the industrial process . Each associated costs to operations or other impacts in decreasing 
operator console 110 could also receive information affect- 55 order of value . This allows site managers or other personnel 
ing how the industrial process is controlled , such as by to identify the best potential improvements that could be 
receiving setpoints or control modes for process variables made to the industrial site . In another example use case , this 
controlled by the controllers 106 or other information that functionality can be used to identify the long - term perfor 
alters or affects how the controllers 106 control the industrial mance of model - based controllers in terms of total value , 
process . Each operator console 110 includes any suitable 60 along with references to benchmark performance and maxi 
structure for displaying information to and interacting with mum possible performance . This allows engineers or other 
an operator . For example , each operator console 110 could personnel to identify controllers that are most in need of 
represent a computing device running a WINDOWS oper- tuning or other maintenance . As yet another example use 
ating system or other operating system . case , this functionality can be used to identify actionable 

Multiple operator consoles 110 can be grouped together 65 metrics , such as in terms of the cost of lost opportunity per 
and used in one or more control rooms 112. Each control controller . This allows engineers or other personnel to focus 
room 112 could include any number of operator consoles on the most impactful problems . As still another example 
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use case , this functionality can be used to calculate the cost other suitable input device . The I / O unit 208 may also send 
of lost opportunity in a vendor - neutral way since these output to a display , printer , or other suitable output device . 
approaches can be used with model - based multivariable Although FIG . 2 illustrates one example of a device 200 
controllers from different suppliers . This allows managers , for estimating impacts in advanced control operations for 
engineers , or other personnel to evaluate controller perfor- 5 industrial control systems , various changes may be made to 
mance across multiple vendors in a consistent way . Of FIG . 2. For example , components could be added , omitted , 
course , the functionality described in this patent document combined , further subdivided , or placed in any other suitable 
could be used in any other suitable manner . configuration according to particular needs . Also , computing 

Although FIG . 1 illustrates one example of an industrial devices can come in a wide variety of configurations , and 
process control and automation system 100 , various changes 10 FIG . 2 does not limit this disclosure to any particular 
may be made to FIG . 1. For example , the system 100 could configuration of computing device . 
include any number of sensors , actuators , controllers , net- FIG . 3 illustrates an example method 300 for estimating 
works , operator consoles , control rooms , historians , servers , impacts in advanced control operations for industrial control 
and other components . Also , the makeup and arrangement of systems according to this disclosure . For ease of explana 
the system 100 in FIG . 1 is for illustration only . Components 15 tion , the method 300 is described as being performed by the 
could be added , omitted , combined , further subdivided , or device 200 of FIG . 2 implementing an operator console 110 , 
placed in any other suitable configuration according to server 116 , or device used in the computing cloud 118 of 
particular needs . As a particular example , the historian 114 FIG . 1. However , the method 300 could be used with any 
may be implemented in the computing cloud 118. Further , suitable device and in any suitable system . 
particular functions have been described as being performed 20 As shown in FIG . 3 , a start and an end of an analysis 
by particular components of the system 100. This is for period are identified at step 302. This could include , for 
illustration only . In general , control and automation systems example , the processor 202 of the device 200 determining 
are highly configurable and can be configured in any suitable the period during which data associated with a model - based 
manner according to particular needs . In addition , FIG . 1 controller 106 will be analyzed . Any suitable period of time 
illustrates one example operational environment where 25 could be identified here , such as a particular day , week , 
impacts in advanced control operations for industrial control month , or other period of time . Data associated with the 
systems can be estimated . This functionality can be used in model - based controller is obtained at step 304. This could 
any other suitable system . include , for example , the processor 202 of the device 200 
FIG . 2 illustrates an example device 200 for estimating obtaining data identifying process variable values associated 

impacts in advanced control operations for industrial control 30 with the controller 106 during the identified analysis period . 
systems according to this disclosure . The device 200 could , This could also include the processor 202 of the device 200 
for example , denote an operator console 110 , server 116 , or pre - processing the data , such as to validate the obtained data 
device used in the computing cloud 118 described above and discard any portions of the obtained data deemed 
with respect to FIG . 1. However , the device 200 could be invalid . Note that when the data is obtained by a device that 
used in any other suitable system . 35 is remote from the controller 106 or other data source , the 
As shown in FIG . 2 , the device 200 includes at least one data can be transmitted to the device securely and in 

processor 202 , at least one storage device 204 , at least one real - time , near real - time , or non - real - time depending on the 
communications unit 206 , and at least one input / output ( I / O ) embodiment . 
unit 208. Each processor 202 can execute instructions , such The data can be analyzed continuously , periodically , or at 
as those that may be loaded into a memory 210. The 40 other suitable times to identify at least one impact associated 
instructions could estimate the impacts in advanced control with one or more operational problems affecting the con 
operations as described in this patent document . Each pro- troller at step 306. This could include , for example , the 
cessor 202 denotes any suitable processing device , such as processor 202 of the device 200 analyzing the data to 
one or more microprocessors , microcontrollers , digital sig- determine whether the model - based controller 106 is suf 
nal processors , application specific integrated circuits 45 fering from any constraint / limit issues , model quality issues , 
( ASICs ) , field programmable gate arrays ( FPGAs ) , or dis- inferential quality issues , variable mode issues , optimizer 
crete circuitry . configuration issues , or process variable noise / variance 

The memory 210 and a persistent storage 212 are issues . These issues are described in more detail below . In 
examples of storage devices 204 , which represent any struc- general , each operational problem that is identified can affect 
ture ( s ) capable of storing and facilitating retrieval of infor- 50 the operation of the model - based controller 106 and prevent 
mation ( such as data , program code , and / or other suitable the controller 106 from achieving the most beneficial opera 
information on a temporary or permanent basis ) . The tion possible . This could also include the processor 202 of 
memory 210 may represent a random access memory or any the device 200 determining a measure of how much each of 
other suitable volatile or non - volatile storage device ( s ) . The the identified operational problems prevents the model 
persistent storage 212 may contain one or more components 55 based controller 106 from achieving the most beneficial 
or devices supporting longer - term storage of data , such as a operation possible . As noted above , the impacts could be 
read only memory , hard drive , Flash memory , or optical disc . expressed in any suitable terms , such as excess material 

The communications unit 206 supports communications usage , excess energy usage , reduced product production , or 
with other systems or devices . For example , the communi- lost economic costs ( and the lost economic costs could 
cations unit 206 could include a network interface card or a 60 themselves be a measure of things like excess material 
wireless transceiver facilitating communications over a usage , excess energy usage , or reduced product production ) . 
wired or wireless network . The communications unit 206 A graphical display identifying one or more impacts for 
may support communications through any suitable physical one or more of the operational problems is generated and 
or wireless communication link ( s ) . presented to one or more users at step 308. This could 

The I / O unit 208 allows for input and output of data . For 65 include , for example , the processor 202 of the device 200 
example , the I / O unit 208 may provide a connection for user generating a graphical user interface that identifies the 
input through a keyboard , mouse , keypad , touchscreen , or operational problems and associated impacts . The opera 
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tional problems could be presented in any suitable manner , trial processes used by model - based controllers are typically 
such as when ranked by increasing or decreasing impacts . Linear Time Invariant ( LTI ) . Thus , a controller's dynamic 

Although FIG . 3 illustrates one example of a method 300 response and a solution from the controller's embedded 
for estimating impacts in advanced control operations for optimizer can be affected when an industrial process drifts , 
industrial control systems , various changes may be made to 5 such as due to changes in feed quality , operating points , 
FIG . 3. For example , while shown as a series of steps , ambient conditions , and other operating conditions . Also , various steps in FIG . 3 could overlap , occur in parallel , inaccuracies in the models when generated can degrade the occur in a different order , or occur any number of times . controller's response and misdirect the controller's opti The following describes specific types of operational mizer . 
issues that can affect a model - based controller and how 10 Inferential quality issues can arise since soft sensors or impacts of those specific types of operational issues can be inferred properties are used quite frequently as controlled identified . Note , however , that the operational issues and 
impacts described below are merely examples of the types of variables in model - based controllers as proxies for labora 
operational issues and impacts that could be identified using tory or analyzer values . Many inferred properties limits or 
the techniques disclosed in this patent document . Any other 15 inferred quality specifications are frequently constraints to 
or additional types of operational issues and impacts could optimization . As a result , the quality of an inference can 
be identified without departing from the scope of this have a direct impact on the benefits that can be achieved by 
disclosure . model - based controllers . Inferential quality issues can there 

In many instances , model - based controllers have the fore be caused when the quality of inferred values is poor . 
ability to consider a large number of process variables when 20 Variable mode issues can arise since some process vari 
determining how to control an industrial process . In order to ables may be excluded or dropped from consideration by 
identify which process variables to consider when attempt- model - based controllers . For example , due to various tran 
ing to control the industrial process , a model - based control- sient issues , an operator may remove one or more process 
ler often attempts to solve an optimization problem . An variables from a controller's control matrix . This prevents 
example optimization problem that could be solved by a 25 the controller 106 from considering those process variables 
model - based controller could be expressed as : during the calculation of its objective function values or 

min2 || $ || 2 ( 1 ) other optimization calculations . In some cases , process 
variables may be removed from the controller's control where : matrix for extended periods of time , and the controller's 

q = 2,0 ; * ( ) ; - Y ; o ) 2 + B ; * y ; + E ; q ; * ( u ; -U ; o ) 2 + B ; * ; ( 2 ) operation in such conditions can become sub - optimal . 
Optimizer configuration issues can arise since , in many subject to : model - based controllers , the " costs ” of variables for opti 

( 3 ) mization or objective coefficients may not represent actual 
real ( monetary ) costs . In some cases , these costs are entered 

U1 ; su ; Suhi ( 4 ) and used merely to give directions to the process variables . 
Even when costs that are entered are real monetary costs , Here , o represents the computed value of the objective 

function . Also , y ; represents the current value of the ith they may not be updated with changes in market values or 
controlled variable , Yio represents the ideal resting value for changes in modes of operation . As a result , this may cause 
the ith controlled variable , Yni represents the high limit 40 the optimizer to not target a true optimum value in economic 
( constraint ) for the ith controlled variable , and Yn ; represents terms . 
the low limit ( constraint ) for the ith controlled variable . Process variable noise / variability issues can arise when 
Further , u , represents the current value of the jih manipulated the values of process variables excessively change due to 
variable , 4 ; o represents the ideal resting value for the jih noise or other issues . Noise or variance in controlled vari 
manipulated variable , Uni represents the high limit ( con- 45 ables can be caused by various factors , such as measurement 
straint ) for thejmanipulated variable , and u ; represents the noise , underlying manipulated variable PID controller oscil 
low limit ( constraint ) for the jth manipulated variable . In lations , or high variance in measured or unmeasured distur 
addition , a , and a ; respectively represent quadratic costs for bance variables . In some cases when the controller 106 is 
the ith controlled variable and the jih manipulated variable , tuned aggressively , high variance can also be due to mis 
and B ; and B ; respectively represent linear costs for the ith 50 match between a controller’s model and the actual industrial 
controlled variable and the jih manipulated variable . process . Mismatch may also be due to nonlinearity , which 
As noted above , various issues can affect a model - based can result in limit cycling of the controller 106. One impact 

controller 106 and result in reductions to the benefits of of high noise and variance is that a model - based controller 
model - based control . As a result , the benefits that can be 106 can push the average values of its controlled variables 
obtained using a model - based controller can fall over time 55 away from their associated limits in order to maintain the 
( in some cases very significantly ) . The issues that can affect controlled variables within their limits . It may be more ideal 
a model - based controller 106 include constraint / limit issues , to push those controlled variables to their limits . 
model quality issues , inferential quality issues , variable The following discussions of FIGS . 4A through 7 describe 
mode issues , optimizer configuration issues , and process example techniques for identifying or measuring the impacts 
variable noise / variance issues . Limit issues can arise due to 60 of these types of operational issues that may affect a model 
incorrect or over - constrained limits placed on manipulated based controller 106. In these examples , it is assumed that a 
variables and / or controlled variables , such as the Yhi , Yli , Unja “ shadow ” optimizer is available for use . The shadow opti 
and uy ; limits noted above . Limit issues can alternatively mizer represents a " digital twin ” of a model - based control a 
arise due to equipment processing limits or other physical ler's optimizer . In other words , a replica of the functionality 
throughput limitations of the equipment itself . 65 of the controller's optimizer can be used during the analysis . 
Model quality issues can arise since industrial processes The shadow optimizer can be executed by any suitable 

are often nonlinear and time - variant , while models of indus- device within or outside of a control and automation system , 
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such as by an operator console 110 , server 116 , or device selected process variable is changed to equal the steady - state 
used in the computing cloud 118 described above with value of the selected process variable at step 408 , and a new 
respect to FIG . 1 . value ( s ) of the controller's objective function is calculated 

In some embodiments , the data used by a shadow opti- at step 410. This could include , for example , the processor 
mizer could be substantially the same data used by the 5 202 of the device 200 setting the average value of the 
embedded optimizer in one or more model - based controllers selected process variable to the process variable's steady 
106 , and that data could have any suitable collection fre- state value . This could also include the processor 202 of the 
quency or frequencies . In other embodiments , the data used device 200 using the shadow optimizer to calculate the value 
by a shadow optimizer could be averaged data that is used of the controller's objective function using the changed 
by the embedded optimizer in one or more model - based 10 average value of the selected process variable . If another 
controllers 106 , such as hourly average values or data process variable remains to be selected at step 412 , the 
averaged at higher or lower frequencies . In addition to the process returns to step 406. In general , steps 406-412 iterate 
controller data and gain matrix used by a model - based through a list of process variables and sequentially change 
controller 106 , the following data could be provided to the each process variable's average value to its steady - state 
shadow optimizer . The prices of feeds , products , raw mate- 15 value . The results from these steps include a sequence of qs 
rials , and utilities at the boundary of an industrial site could values identifying how the value of the controller's objective 
be used , and the prices could be sourced from an enterprise function changed due to the process variable changes . 
resource planning ( ERP ) application or any other suitable A difference between the di value and the first as value is 
source ( s ) . Also , the ideal limits of process variables could be identified as the impact caused by variance of the first 
used , and the ideal limits could be sourced from boundary 20 process variable at step 414 , and subsequent changes in the 
management software ( which defines an operating enve- As values are identified as the impacts caused by variance of 
lope ) , from an initial benefit study used to justify the the subsequent process variables at step 416. This could 
model - based controller , or from any other suitable source ( s ) . include , for example , the processor 202 of the device 200 

In particular embodiments , when true prices for all prod- calculating the difference between the di value and the first 
uct streams are available , the shadow optimizer could be set 25 9 , value and using this value as the cost of lost opportunity 
up as a Product Value Optimizer ( PVO ) . PVO refers to an or other impact for variance of the first process variable 
optimization when true process economics are directly selected in step 406. This could also include the processor 
entered into the controller as either independent variables or 202 of the device 200 calculating the changes between the 
dependent variables . In other particular embodiments , the Ps values and using the changes as the costs of lost oppor 
shadow optimizer could be augmented with additional con- 30 tunity or other impacts for variance of the sequence of 
trolled variables if the original model - based controller 106 is process variables following the first variable selected in step 
not designed as a PVO . In the absence of true prices for all 406 . 
product streams , in some instances the shadow optimizer A new value ( Q. ) of the model - based controller's objec 
could be set up based on indicative cost coefficients for some tive function is calculated at step 418. This could include , for 
units , such as when an operating margin per unit feed can be 35 example , the processor 202 of the device 200 using the 
used as an alternative cost coefficient . shadow optimizer to calculate the value of the controller's 

FIGS . 4A and 4B illustrate an example method 400 for objective function using all process variables set to their 
estimating impacts of constraint issues , optimizer configu- steady - state values . A difference between the 4. value and 
ration issues , and process variability issues in advanced the ; value is identified as the impact caused by optimizer 
control operations according to this disclosure . The method 40 configuration issues at step 420. This could include , for 
400 could , for example , be performed as part of step 306 in example , the processor 202 of the device 200 calculating the 
FIG . 3. For ease of explanation , the method 400 is described difference between the 4. value and the di value and using 
as being performed by the device 200 of FIG . 2 implement- this value as the cost of lost opportunity or other impact for 
ing an operator console 110 , server 116 , or device used in the the optimizer configuration issues . This value measures the 
computing cloud 118 of FIG . 1. However , the method 400 45 combined effects of how the controller's optimizer fails to 
could be used with any suitable device and in any suitable allow its process variables ' average values to reach their 
system . steady - state values . 
As shown in FIGS . 4A and 4B , a current value ( Pi ) of a A constraint limit ( high or low ) on one of the process 

model - based controller's objective function is calculated at variables is selected at step 422 , and the constraint limit is 
step 402. This could include , for example , the processor 202 50 perturbed or changed to its ideal limit at step 424. This could 
of the device 200 calculating the current objective function include , for example , the processor 202 of the device 200 
value using the shadow optimizer . The current value of the selecting one of the current constraints for a process variable 
controller's objective function could be based on ( i ) one or contained in the controller's objective function and the 
more real prices for one or more products and ( ii ) data and associated ideal value for that constraint . As noted above , 
limits collected from an industrial site . Differences between 55 the ideal value could be identified previously , such as from 
steady - state and average values for one or more process management software or an initial benefit study . A new value 
variables associated with the model - based controller's ( PR ) of the controller's objective function is calculated based 
objective function are determined at step 404. This could on the updated limit at step 426. This could include , for 
include , for example , the processor 202 of the device 200 example , the processor 202 of the device 200 using the 
identifying the steady - state and average values for each 60 shadow optimizer to calculate the value of the controller's 
process variable contained in the controller's objective func- objective function using the modified constraint value . A 
tion based on the data collected from the model - based difference between the Pt value and the Q. value is identified 
controller 106 . as the impact caused by the selected constraint limit at step 
A first of the process variables is selected at step 406. This 428. This could include , for example , the processor 202 of 

could include , for example , the processor 202 of the device 65 the device 200 calculating the difference between the Pike 
200 identifying the first process variable associated with the value and the W. value and using this value as the cost of lost 
controller's objective function . The average value of the opportunity or other impact for the selected constraint limit . 
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The selected constraint limit is returned to its original value ated with a model - based controller's model ( s ) . Note that 
at step 430. If any additional constraints for any of the during this process , the original constraint limits used by the 
process variables remain to be processed at step 432 , the controller 106 can be maintained ( rather than being changed 
method returns to step 422 to select another constraint . to their ideal limits ) so that the quantification of any model 

It should be noted that during steps 422-432 , the cost of 5 quality issues is independent of the quantification of the 
lost opportunity or other impact for a selected constraint limit issues ( as identified in the method 400 ) . Also , it is 
limit could be calculated assuming that the ideal value for possible to repeat the analysis of the limit issues using the 
the selected constraint limit is not bound by existing equip- method 400 after the corrected gains or gain multipliers are 
ment processing limits or other physical throughput limita- provided to the model - based controller 106 so that any limit 
tions of the equipment itself . Thus , the impact for the 10 issues remaining after the gains or gain multipliers have 
selected constraint limit could be used as an indicator of been corrected can be identified . 
whether larger or other non - constricting or less - constricting FIG . 6 illustrates an example method 600 for estimating 
equipment could be used in place of the existing equipment impacts of inferential quality issues in advanced control 
in order to obtain process improvements . This functionality operations according to this disclosure . The method 600 
can be referred to as “ debottlenecking ” since it aims to relax 15 could , for example , be performed as part of step 306 in FIG . 
equipment processing limits that can act as bottlenecks in an 3. For ease of explanation , the method 600 is described as 
industrial process . being performed by the device 200 of FIG . 2 implementing 

The final results from the method 400 include an identi- an operator console 110 , server 116 , or device used in the 
fication of impacts caused by variability of the process computing cloud 118 of FIG . 1. However , the method 600 
variables , impacts caused by the optimizer's configuration , 20 could be used with any suitable device and in any suitable 
and impacts caused by the controller's current constraints . system . 
Of course , only a subset of these impacts may be needed or Inferential properties or soft sensors can have various 
desired in a particular implementation , in which case the issues , such as high variance and / or high bias . For example , 
corresponding calculations in the method 400 could be many inferential properties are provided with updates from 
omitted . 25 a laboratory or analyzer . When an update does not occur , 
FIG . 5 illustrates an example method 500 for estimating there may be no conventional way to figure out the issue ( s ) 

impacts of model quality issues in advanced control opera- with the inferential properties or soft sensors . If generated 
tions according to this disclosure . The method 500 could , for inferential measurements are not noisy and lack high vari 
example , be performed as part of step 306 in FIG . 3. For ease ability of bias between laboratory and predicted values , 
of explanation , the method 500 is described as being per- 30 successive bias updates can gradually reduce the offset 
formed by the device 200 of FIG . 2 implementing an between the laboratory and predicted values . If the generated 
operator console 110 , server 116 , or device used in the inferential measurements have a high variability of bias , it 
computing cloud 118 of FIG . 1. However , the method 500 can result in high controlled variable variability . High bias 
could be used with any suitable device and in any suitable variability can be due to prediction variability or laboratory 
system . 35 variability . 
As shown in FIG . 5 , model error associated with a As shown in FIG . 6 , differences between predicted and 

model - based controller is identified at step 502. This could laboratory values for one or more inferred properties are 
include , for example , the processor 202 of the device 200 identified at step 602. This could include , for example , the 
identifying the quality of one or more models used by the processor 202 of the device 200 obtaining the predicted and 
controller 106 to represent the behavior of at least one 40 laboratory values for each inferred property used in the 
underlying industrial process . In particular embodiments , controller's objective function . This data could be obtained 
this may include the processor 202 of the device 200 from any suitable source ( s ) , such as directly from the 
identifying corrected gains or gain multipliers using the model - based controller 106 or indirectly , such as via a 
techniques described in U.S. Pat . No. 7,421,374 ( which is historian 114 , server 116 , or gateway 120. At least some of 
hereby incorporated by reference in its entirety ) . Gains or 45 this data could also be obtained using the shadow optimizer . 
gain multipliers obtained during the identification of the The length of time spanned by the data values here could be 
model error are provided to the shadow optimizer at step an extended period of time , such as ten days or more . 
504. This could include , for example , the processor 202 of Statistics associated with the bias ( the identified differences ) 
the device 200 inserting the gains or gain multipliers into the are calculated at step 604. This could include , for example , 
control matrix of the shadow optimizer . 50 the processor 202 of the device 200 calculating the average , 
A new value ( Pm ) of the controller's objective function is standard deviation , or other descriptive statistics of the bias . 

calculated at step 506. This could include , for example , the Possible average shifts to the various process variables 
processor 202 of the device 200 using the shadow optimizer used by the controller are identified using the bias statistics 
to calculate the value of the controller's objective function at step 606. This could include , for example , the processor 
using the updated gains or gain multipliers . A difference 55 202 of the device 200 determining how much the controller 
between the Pm value and the q . value is identified at step 106 could move its process variables away from their 
508 , and the difference is used as the impact caused by average values towards their constraint limits . Example 
model quality issues at step 510. This could include , for techniques for identifying possible shifts to the process 
example , the processor 202 of the device 200 calculating the variables are described in the various provisional patent 
difference between the corn value and the q , value and using 60 applications incorporated by reference above , as well as in 
this value as the cost of lost opportunity or other impact for U.S. patent application Ser . No. 15 / 973,272 entitled “ APPA 
the model quality issues . This value measures the combined RATUS AND METHOD FOR IDENTIFYING IMPACTS 
effects of how the controller's model fails to accurately AND CAUSES OF VARIABILITY OR CONTROL GIVE 
match the actual behaviors of the underlying industrial AWAY ON MODEL - BASED CONTROLLER PERFOR 
process . 65 MANCE ” ( filed concurrently herewith ) . 

The final results from the method 500 include an identi- One of the process variables is selected at step 608. This 
fication of impacts caused by model quality issues associ- could include , for example , the processor 202 of the device 
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200 selecting one of the process variables associated with The process variables that have been dropped from the 
the controller's objective function . The selected process control matrix are identified at step 706. This could include , 
variable is shifted by the average shift amount for that for example , the processor 202 of the device 200 identifying 
process variable at step 610. This could include , for any process variables that the controller 106 was previously 
example , the processor 202 of the device 200 increasing or configured to use and that are not currently in the control 
decreasing the value of the selected process variable by the ler's control matrix . One of the dropped process variable is 
average shift amount identified in the previous step so that selected at step 708 and inserted back into the controller's 
the selected process variable is at or closer to its constraint . control matrix at step 710. This could include , for example , 
A new value of the controller's objective function is the processor 202 of the device 200 selecting one of the 

calculated at step 612. This could include , for example , the dropped process variables and modifying the control matrix 
processor 202 of the device 200 using the shadow optimizer to indicate that the selected process variable is to be used to 
to calculate the value of the controller's objective function control the industrial process . Anew value of the controller's 
using the shifted process variable value . A difference objective function is calculated at step 712. This could 
between the new value of the controller's objective function include , for example , the processor 202 of the device 200 
and a prior value of the controller's objective function is using the shadow optimizer to calculate the value of the 
identified at step 614 , and the difference is used as the impact controller's objective function using the modified control 
caused by an inferential quality issue at step 616. This could matrix . A difference between the new value of the control 
include , for example , the processor 202 of the device 200 ler's objective function and a prior value of the controller's 
calculating the difference between the objective function 20 objective function is identified at step 714 , and the difference 
values and using this value as the cost of lost opportunity or is used as the impact caused by a process variable mode 
other impact for the inferential quality issue . issue at step 716. This could include , for example , the 

If another process variable remains to be processed at step processor 202 of the device 200 calculating the difference 
618 , the method returns to step 608 to select and process between the objective function values and using this value as 
another process variable . The final results from the method 25 the cost of lost opportunity or other impact for the process 
600 include an identification of impacts caused by inferen- variable mode issue . 
tial quality issues associated with inferred properties used by If another dropped process variable remains to be pro 
a model - based controller 106 . cessed at step 718 , the method returns to step 708 to select FIG . 7 illustrates an example method 700 for estimating 
impacts of process variable mode issues in advanced control 30 results from the method 700 include an identification of 

and process another dropped process variable . The final 
operations according to this disclosure . The method 700 impacts caused by process variable mode issues associated could , for example , be performed as part of step 306 in FIG . 
3. For ease of explanation , the method 700 is described as with process variables that have been dropped from consid 

eration by a model - based controller 106 . being performed by the device 200 of FIG . 2 implementing 
an operator console 110 , server 117 , or device used in the 35 Although FIGS . 4A through 7 illustrate example methods 
computing cloud 118 of FIG . 1. However , the method 700 for performing operations in the method 300 of FIG . 3 , 
could be used with any suitable device and in any suitable various changes may be made to FIGS . 4A through 7. For 
system . example , while shown as a series of steps , various steps in 
As shown in FIG . 7 , a control matrix of a model - based each figure could overlap , occur in parallel , occur in a 

controller is obtained at step 702. This could include , for 40 different order , or occur any number of times . Also , while 
example , the processor 202 of the device 200 obtaining the specific operations and calculations have been described 
control matrix from any suitable source ( s ) . The control here , these relate to specific implementations of the opera 
matrix generally identifies the manipulated and controlled tions in the method 300 of FIG . 3. Those operations in FIG . 
variables that the controller 106 is currently able to consider 3 could be performed in any other suitable manner . 
or use when controlling an industrial process . Note that the techniques for identifying impacts of opera 

Current modes of operation for various process variables tional problems in advanced control operations described 
associated with the model - based controller are identified at above could be used or operate in conjunction with any 
step 704. This could include , for example , the processor 202 combination or all of various features described in the 
of the device 200 determining whether certain process provisional patent applications incorporated by reference 
variables are currently being considered by the controller 50 above and / or in the following concurrently - filed patent 
106 in controlling the industrial process or have been applications ( all of which are hereby incorporated by refer 
dropped from consideration ( such as by an operator ) . When ence ) : 
a process variable is currently being used by the controller U.S. patent application Ser . No. 15 / 972,432 entitled 
106 , this could also include the processor 202 of the device “ APPARATUS AND METHOD FOR AUTOMATED 
200 identifying the actual operating mode for the process 55 IDENTIFICATION AND DIAGNOSIS OF CONSTRAINT 
variable . Example operating modes could include a manual VIOLATIONS ” ; 
mode where the process variable is manually controlled by U.S. patent application Ser . No. 15 / 973,272 entitled 
an operator , an automatic mode where the process variable " APPARATUS AND METHOD FOR IDENTIFYING 
is controlled by the controller , or a cascade mode ( similar to IMPACTS AND CAUSES OF VARIABILITY OR CON 
automatic mode except the process variable's setpoint 60 TROL GIVEAWAY ON MODEL - BASED CONTROLLER 
comes from an external source like another controller ) . This PERFORMANCE ” ; and 
information can be relevant since some process variables U.S. patent application Ser . No. 15 / 972,535 entitled 
may actually be designed to be dropped in certain modes of " APPARATUS AND METHOD FOR IDENTIFYING , 
operation . This data could be obtained from any suitable VISUALIZING , AND TRIGGERING WORKFLOWS 
source ( s ) , such as directly from the model - based controller 65 FROM AUTO - SUGGESTED ACTIONS TO RECLAIM 
106 or indirectly , such as via a historian 114 , server 116 , or LOST BENEFITS OF MODEL - BASED INDUSTRIAL 
gateway 120 . PROCESS CONTROLLERS ” . 
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In some embodiments , various functions described in this What is claimed is : 
patent document are implemented or supported by a com- 1. A method comprising : 
puter program that is formed from computer readable pro- receiving , from each of one or more industrial process 
gram code and that is embodied in a computer readable controllers , operational state data , the operational state 
medium . The phrase " computer readable program code ” 5 data indicative of a current operational state of the one 
includes any type of computer code , including source code , or more industrial process controllers in an industrial 
object code , and executable code . The phrase " computer process ; 
readable medium ” includes any type of medium capable of determining , based on the received operational state data , 
being accessed by a computer , such as read only memory presence of one or more aberrant operating conditions 
( ROM ) , random access memory ( RAM ) , a hard disk drive , for each of the one or more industrial process control 
a compact disc ( CD ) , a digital video disc ( DVD ) , or any lers ; 
other type of memory . A “ non - transitory ” computer readable in response to the presence of one or more aberrant 
medium excludes wired , wireless , optical , or other commu- operating conditions , determining at least one impact of 
nication links that transport transitory electrical or other the one or more aberrant operating conditions on the 
signals . A non - transitory computer readable medium one or more industrial process controllers , wherein the 
includes media where data can be permanently stored and at least one impact comprises excess energy usage , 
media where data can be stored and later overwritten , such excess material usage , reduced product production , and 
as a rewritable optical disc or an erasable storage device . lost economic cost associated with the one or more 

It may be advantageous to set forth definitions of certain 20 industrial process controllers and wherein the deter 
words and phrases used throughout this patent document . mining at least one impact comprises : 
The terms " application ” and “ program ” refer to one or more estimating a first value of an objective function of the 
computer programs , software components , sets of instruc industrial process controller , wherein the objective 
tions , procedures , functions , objects , classes , instances , function is configured to adjust one or more process 
related data , or a portion thereof adapted for implementation 25 variables of industrial process controller to a most 
in a suitable computer code ( including source code , object attractive set of constraints ; 
code , or executable code ) . The term " communicate , ” as well determining a difference between a steady state value 
as derivatives thereof , encompasses both direct and indirect and a current average value of one or more process 
communication . The terms “ include ” and “ comprise , " as variables associated with the objective function of 
well as derivatives thereof , mean inclusion without limita- 30 the industrial process controller , the process vari 
tion . The term “ or ” is inclusive , meaning and / or . The phrase ables comprising at least one of controlled variable , 
“ associated with , ” as well as derivatives thereof , may mean manipulated variable and disturbance variable ; 
to include , be included within , interconnect with , contain , be changing the current average value of the one or more 
contained within , connect to or with , couple to or with , be process variables to the steady - state values of the one 
communicable with , cooperate with , interleave , juxtapose , 35 or more process variables ; 
be proximate to , be bound to or with , have , have a property estimating a second value of the objective function 
of , have a relationship to or with , or the like . The phrase “ at based on the changed current average value ; and 
least one of , ” when used with a list of items , means that determining the impact associated with the one or more 
different combinations of one or more of the listed items aberrant operating conditions based on the second 
may be used , and only one item in the list may be needed . 40 value of objective function and the first value of 
For example , " at least one of : A , B , and C ” includes any of objection function ; 
the following combinations : A , B , C , A and B , A and C , B presenting the impact of the one or more aberrant oper 
and C , and A and B and C. ating conditions on a user interface ; 
The description in the present application should not be receiving via the user interface , user input to resolve one 

read as implying that any particular element , step , or func- 45 or more of the aberrant operating conditions ; and 
tion is an essential or critical element that must be included operating the industrial process with the one or more 
in the claim scope . The scope of patented subject matter is aberrant operating conditions resolved . 
defined only by the allowed claims . Moreover , none of the 2. The method of claim 1 , further comprising : 
claims invokes 35 U.S.C. $ 112 ( f ) with respect to any of the determining , for each of two or more aberrant operating 
appended claims or claim elements unless the exact words 50 conditions , the impact on the industrial process con 
“ means for ” or “ step for " are explicitly used in the particular troller ; and 
claim , followed by a participle phrase identifying a function . presenting the determined at least one impact of the two 
Use of terms such as ( but not limited to ) “ mechanism , " or more aberrant operating conditions on the industrial 
“ module , " " device , " " unit , ” “ component , ” “ element , " process controller in order of highest impact . 
“ member , " " apparatus , " " machine , " " system , " " processor , " 55 3. The method of claim 1 , further comprising : 
or “ controller ” within a claim is understood and intended to determining a corrective action for each of the one or 
refer to structures known to those skilled in the relevant art , more aberrant operating conditions for each of the one 
as further modified or enhanced by the features of the claims or more industrial process controllers , the corrective 
themselves , and is not intended to invoke 35 U.S.C. $ 112 ( f ) . action , if implemented , reducing the impact of the one 

While this disclosure has described certain embodiments 60 or more aberrant operating conditions for each of the 
and generally associated methods , alterations and permuta- one or more industrial process controllers ; and 
tions of these embodiments and methods will be apparent to presenting the corrective action for each of the one or 
those skilled in the art . Accordingly , the above description of more aberrant operating conditions for each of the one 
example embodiments does not define or constrain this or more industrial process controllers . 
disclosure . Other changes , substitutions , and alterations are 65 4. The method of claim 3 , further comprising : 
also possible without departing from the spirit and scope of implementing , without human intervention , the deter 
this disclosure , as defined by the following claims . mined corrective action for each of the one or more 
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aberrant operating conditions for each of the one or variables of industrial process controller to a most 
more industrial process controllers . attractive set of constraints ; 

5. The method of claim 1 , further comprising : determine a difference between a steady state value and 
determining , based on the received operational state data , a current average value of one or more process 

whether one or more aberrant operating conditions for 5 variables associated with the objective function of 
each of the one or more industrial process controllers is the industrial process controller , the process vari present by determining the received operational state ables comprising at least one of controlled variable , data varies from an expected operational state data by manipulated variable and disturbance variable ; more than a predetermined amount . change the current average value of the one or more 6. The method of claim 1 , further comprising : process variables to the steady - state values of the one determining , based on the received operational state data , or more process variables ; whether one or more aberrant operating conditions for estimate a second value of the objective function based each of the one or more industrial process controllers is 
present by determining the received operational state on the changed current average value ; and 
data varies from an average of the received operational 15 determine the impact associated with the one or more 
state data over a predetermined time by a predeter aberrant operating conditions based on the second 
mined amount . value of objective function and the first value of 

7. The method of claim 1 , wherein the impact is associ objection function ; 
ated with one or more of : present the impact of the one or more or the aberrant 

noise or variance in process variables used by the indus- 20 operating conditions on a user interface ; 
trial process controller ; receive via the user interface , user input to resolve one 

misconfiguration of an optimizer in the industrial process or more of the aberrant operating conditions ; and 
controller ; operate the industrial process with the one or more 

one or more limits on one or more process variables used aberrant operating conditions resolved . 
by the industrial process controller ; 10. The apparatus of claim 9 , wherein the at least one 

a quality of at least one model used by the industrial processor is further configured to : 
process controller ; determine , for each of two or more aberrant operating 

a quality of one or more inferred properties used by the conditions , the impact on the industrial process con 
industrial process controller , and troller ; and 

one or more process variables being dropped from use by 30 present the determined at least one impact of the two or 
the industrial process controller . more aberrant operating conditions on the industrial 

8. The method of claim 1 , wherein determining , based on process controller in order of highest impact . 
the received operational state data , the presence of one or 11. The apparatus of claim 9 , wherein the at least one 
more aberrant operating conditions for each of the one or processor is further configured to : 
more industrial process controllers comprising : determine a corrective action for each of the one or more 

identifying value of long - term performance of the one or aberrant operating conditions for each of the one or 
more industrial process controllers ; more industrial process controllers , the corrective 

identifying value of benchmark and / or maximum possible action , if implemented , reduces the impact of the one or 
performance of the one or more industrial process more aberrant operating conditions for each of the one 
controllers ; and or more industrial process controllers ; and 

comparing the values of long term performance , and present on the user interface the corrective action for each 
benchmark and / or maximum possible performance to of the one or more aberrant operating conditions for 
identify the presence of one or more aberrant operating each of the one or more industrial process controllers . 
conditions . 12. The Apparatus of claim 11 , wherein the at least one 

9. An apparatus comprising : 45 processor is further configured to : 
at least one processor configured to : implement , without human intervention , the determined 

receive , from each of one or more industrial process corrective action for each of the one or more aberrant 
controllers , operational state data , the operational operating conditions for each of the one or more 
state data indicative of a current operational state of industrial process controllers . 
the one or more industrial process controllers in an 50 13. The Apparatus of claim 9 , wherein the at least one 
industrial process ; processor is further configured to : 

determine , based on the received operational state data , determine , based on the received operational state data , 
presence of one or more aberrant operating condi- whether one or more aberrant operating conditions for 
tions for each of the one or more industrial process each of the one or more industrial process controllers is 
controllers ; present by determining the received operational state 

in response to the presence of one or more aberrant data varies from an expected operational state data by 
operating conditions , determine at least one impact of more than a predetermined amount . 
the one or more aberrant operating conditions on the 14. The Apparatus of claim 9 , wherein the at least one 
one or more industrial process controllers , wherein the processor is further configured to : 
at least one impact comprises excess energy usage , 60 determine , based on the received operating conditions for 
excess material usage , reduced product production , and each of the one or more industrial process controllers is 
lost economic cost associated with the one or more present by determining the received operational state 
industrial process controllers and wherein the deter- data varies from an average of the received operational 
mining at least one impact comprises : state data over a predetermined time by a predeter 
estimate a first value of an objective function of the 65 mined amount . 

industrial process controller , wherein the objective 15. The Apparatus of claim 9 , wherein the impact is 
function is configured to adjust one or more process associated with one or more of : 
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noise or variance in process variables used by the indus- present the impact of the one or more aberrant operat 
trial process controller ; ing conditions on a user interface ; 

misconfiguration of an optimizer in the industrial process receive via the user interface , user input to resolve one 
controller ; or more of the aberrant operating conditions ; and 

one or more limits on one or more process variables used 5 operate the industrial process with the one or more by the industrial process controller ; aberrant operating conditions resolved . a quality of at least one model used by the industrial 17. The non - transitory computer readable medium of process controller ; 
a quality of one or more inferred properties used by the claim 16 , containing instructions that when executed cause 

industrial process controller ; and at least one processing device to : 
one or more process variables being dropped from use by determine , for each of two or more aberrant operating 

the industrial process controller . conditions , the impact on the industrial process con 
16. A non - transitory computer readable medium contain troller ; and 

ing instructions that when executed cause at least one present the determined at least one impact of the two or 
processing device to : more aberrant operating conditions on the industrial 

receive , from each of one or more industrial process process controller in order of highest impact . 
controllers , operational state data , the operational state 18. The non - transitory computer readable medium of 
data indicative of a current operational state of the one claim 16 , containing instructions that when executed cause 
or more industrial process controllers in an industrial at least one processing device to : process ; determine a corrective action for each of the one or more determine , based on the received operational state data , aberrant operating conditions for each of the one or presence of one or more aberrant operating conditions more industrial process controllers , the corrective for each of the one or more industrial process control action , if implemented , reduces the impact of the one or lers ; more aberrant operating conditions for each of the one in response to the presence of one or more aberrant 25 or more industrial process controllers ; and operating conditions , determine at least one impact 

of the one or more aberrant operating conditions on present on the user interface the corrective action for each 
or more industrial process controllers , of the one or more aberrant operating conditions for 

wherein the at least one impact comprises excess each of the one or more industrial process controllers . 
energy usage , excess material usage , reduced prod- 30 19. The non - transitory computer readable medium of 
uct production , and lost economic cost associated claim 16 , containing instructions that when executed cause 
with the one or more industrial process controllers at least one processing device to : 
and wherein the determining at least one impact implement , without human intervention , the determined 
comprises : corrective action for each of the one or more aberrant 

estimate a first value of an objective function of the 35 operating conditions for each of the one or more 
industrial process controller , industrial process controllers . 

wherein the objective function is configured to adjust one 20. The non - transitory computer readable medium of 
or more process variables of industrial process control claim 16 , wherein the impact is associated with one or more 
ler to a most attractive set of constraints ; of : 
determine a difference between a steady state value and 40 noise or variance in process variables used by the indus a current average value of one or more process trial process controller ; variables associated with the objective function of 

the industrial process controller , the process vari misconfiguration of an optimizer in the industrial process 
ables comprising at least one of controlled variable , controller ; 
manipulated variable and disturbance variable ; one or more limits on one or more process variables used 

change the current average value of the one or more by the industrial process controller ; 
process variables to the steady - state values of the one a quality of at least one model used by the industrial 
or more process variables ; process controller ; 

estimate a second value of the objective function based a quality of one or more inferred properties used by the on the changed current average value ; and industrial process controller ; and determine the impact associated with the one or more 
aberrant operating conditions based on the second one or more process variables being dropped from use by 
value of objective function and the first value of the industrial process controller . 
objection function ; 

the one 
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